Turner syndrome (TS) has been included for several years among the indications for GH treatment, generally with satisfactory outcomes. Nevertheless, the long-term effects of this treatment in non-GH deficient patients are not fully known. The incidence of thyroid carcinoma is rare in patients during childhood, it is unusual to find this neoplasia in children under sixteen years old. This article reports the cases of two Spanish patients with papillary thyroid carcinoma after GH treatment for TS. Recent studies have indicated a possible relationship between the GH -IGF axis and the pathogenesis of neoplasias, questioning the chance association of these two pathologies. In line with this, we detected GH receptor expression in the papillary carcinoma cells. Long-term prospective studies are required to clarify the possible effects of GH treatment on the risk of neoplasia.
Introduction
Turner syndrome (TS) is a chromosomal alteration due to the absence or structural anomaly of one X chromosome, its incidence is about 1/2000-2500 in females. Patients show a particular phenotype, characterized by retarded growth and gonadal dysgenesis. Several studies have documented that TS patients show increased morbidity due to disorders including: metabolic and thyroid disturbances, ischemic cardiopathy and arterial hypertension (1 -3) . However, the risk of cancer, except cancer of the large bowel and gonadoblastoma in patients with occult Y chromosome sequences, does not seem to be increased (1 -3) . The papillary thyroid carcinoma has not been observed among women with TS.
TS has been included for several years among the indications for growth hormone (GH) treatment, generally with satisfactory outcomes (1) . Nevertheless, the long-term effects of this treatment in non-GH deficient patients are not fully known.
Recent studies have suggested a possible relationship between the GH -insulin-like growth factor-I (IGF-I) axis and the pathogenesis of neoplasias (prostate, breast, colon, lung and bladder), though the mechanisms of this putative effect have not been established (4 -7).
Here we report two cases of papillary thyroid carcinoma in patients who had undergone GH treatment for TS. Thyroid carcinoma is a rare neoplasia during childhood, with an incidence of only 0.02-0.3/100000 in children under 16 years (8) . Thus it is possible that the co-occurrence of this carcinoma with TS is not a chance association.
Patients

Patient 1
A girl aged 11 years 10 months from northern Spain, diagnosed in the neonatal period as having TS (karyotype 45XO, without Y chromosome fragments), aortic coarctation and bicuspid aortic valve. At age 14 months diagnostic catheterism and aortoplasty were performed, with good subsequent course. There was no family history of thyroid problems or malignancies and no history of exposure to environmental ionizing irradiation.
Hormone 
Patient 2
A female from southern Spain, diagnosed with TS (karyotype 45XO) at age 8 years. She had no family history of thyroid problems or malignancies, and no history of exposure to ionizing irradiation. Six months later (height SDS: 2 0.59 (Turner)) treatment with GH was started with a daily dose of 0.025 -0.03 mg/kg, with good growth response (height SDS: 1.73). The GH treatment was stopped at age 13 years 10 months in view of completion of growth. During GH treatment, serum IGF-I levels remained normal. Thereafter, antithyroid antibodies were detected, though thyroid function was normal. A routine follow-up at age 21 showed thyrotropin 28.88 mU/l and free thyroxine 0.6 ng/dl. Thyroid gammagraphy revealed cold thyroid nodules in both lower poles, and a sonogram showed nodules and microcalcifications. FNAB was suggestive of papillary thyroid carcinoma. Total thyroidectomy with left lymphadenectomy was performed, and histopathological studies confirmed the diagnosis of thyroid carcinoma stage T2N0M0 and Hashimoto's thyroiditis.
Study of GH receptor expression in tumoral cells
GH receptor expression in papillary carcinoma cells from both patients was studied by immunohistochemistry. Sections 5 mm thick were mounted on Histobond adhesion Micro slides (Marienfeld, Lauda-Königshofen, Germany), dewaxed and rehydrated. For immunohistochemical staining, sections were incubated for 1 h at room temperature in MAb 263 anti-GH receptor (a generous gift from Dr M Waters, University of Queensland, Australia) diluted 1/250 in Dako ChemMate antibody diluent (DakoCytomation, Glostrup, Denmark). The dextran polymer detection method was employed by using the EnVision peroxidase/DAB kit (DakoCytomation) according the protocol provided by the manufacturer. Haematoxilin counterstaining was also done. Negative controls were performed by either 1) substitution of anti-GH receptor with mouse IgG1 negative control (DakoCytomation) or antibody dilution buffer, or 2) alternative omission of the other essential steps of the immunoreaction.
These immunohistochemical studies showed GH receptor positivity in both tumors. Specifically, the papillary carcinoma cells showed intense and diffuse immunoreactivity (Fig. 1A, 1C) . No immunostaining was observed in the controls performed to ascertain the specificity of the immunoreaction (Fig. 1B, 1D ).
Discussion
In this study, we report two unrelated children patients with TS in which papillary thyroid carcinoma was detected during (Patient 1) or several years after (Patient 2) GH treatment. To our knowledge, this is the first report of papillary thyroid carcinoma in children with TS that have been treated with GH.
We cannot rule out the possibility that the papillary thyroid carcinoma and TS observed in these patients were independent pathologies that arose coincidentally. However, the probability of co-occurrence of these disorders in a single patient is very low, particularly in Patient 1, given that early onset of this carcinoma is extremely rare. Specifically, the absolute risks of diverse neoplasms have been found to be insignificantly raised in TS (odds ratio 1.35 or less), except for gut cancer (particularly colon and rectum) and gonadoblastoma in patients with occult Y chromosome sequences (1, 3) . In addition, there have been no previous reports of the association between TS and papillary thyroid carcinoma, although there has been one report of an anaplastic thyroid carcinoma in a TS patient, in association with Hashimoto's thyroiditis (9) . Patients with Hashimoto's thyroiditis have a higher risk of thyroid malignancies such as papillary thyroid carcinoma (10) .
Numerous epidemiological studies and studies based on exhaustive long-term monitoring of GH-treated patients have found GH treatment to be therapeutically beneficial, safe (11), and with no detectable effect on the risk of cancer (12) . However, recent studies have indicated a possible relationship between the GH -IGF axis and the pathogenesis of neoplasms (13) . GH is involved in growth, development and survival, with diverse effects on cell proliferation and differentiation; it is also a strong inhibitor of apoptosis. IGF-I is the main mediator of GH, synthesized in almost all tissues. Its effects are mediated by the IGF-I receptor (IGFIR) and regulated by several molecules (14) . There is in vitro and in vivo evidence of over-expression of IGF-1 and IGFIR in tumor cells. A growing number of epidemiological studies suggest that an increase in IGF-1, alterations of IGF-I-binding proteins and/or IGF-1 misregulation may be risk factors for cancer. The association of these factors with breast, prostate, colon (4) and other carcinomas has been noted in several studies (5) . A decrease in IGF-I level induced by restricted diet in mice with tumors was associated with a decline in DNA synthesis and increased tumor cell apoptosis, and thus slowed tumor progression (15) . A recent report has described a common polymorphism in the human GH gene that is associated with reduced concentrations of GH and IGF-I, and inversely associated with colorectal cancer risk (16) .
In this context, in patients with acromegaly (characterized by high GH levels and circulating concentrations of IGF-I at the high end of the normal range), an increased risk of epithelial cancers has been reported (17 -19) , as well as the association with papillary thyroid carcinoma (20, 21) .
The apparent association between IGF-I levels and cancer is heterogeneous, and potential mechanisms of the putative effect are still unknown, thus there is a clear need for systematic studies. However, we consider that the putative carcinogenic potential of GH is plausible, since several types of carcinoma (including the papillary thyroid carcinomas considered in the present study) express GH receptors. GH receptor immunoreactivity has also been reported in other tumor types, such as hepatocellular carcinoma (22) and occasionally in tumors appearing after GH therapy in immunocompromised patients (23) . In our cases we found intense diffuse immunoreactivity in papillary carcinoma cells, though note that GH receptors have also been detected in normal thyroid cells of chickens (24) , humans and rats (25) . Other studies have also demonstrated the presence of the IGF-1 receptor in thyroid papillary carcinomas (26) . In any case, diverse growth factors may play important roles in the growth and progression of these carcinomas (27 -29) .
In conclusion, we have here presented the first reports of papillary thyroid carcinoma after GH therapy for TS, in two patients. Although we cannot rule out the possibility of a non-causal coincidental association, in our opinion our results raise the possibility that under some circumstances GH treatment may have effects unknown to us. In view of this, we consider that prospective long-term studies are required to assess the possible effects of GH treatment on cancer risk (4) . Previous studies of possible relationships between GH treatment and cancer have mainly considered the adult population, in view of the higher prevalence of cancer among adults. The long-term effect of high IGF-I levels remains to be investigated. We would highlight the need for strict monitoring from childhood onwards, in view of the very early onset of papillary thyroid carcinoma in our first patient. Continued follow-up of these children is imperative.
